Diabetes mellitus is considered an indicator of poor prognosis for acute ankle fractures, but this risk may be specific to an identifiable subpopulation. We retrospectively reviewed 42 patients with both diabetes mellitus and an acute, closed, rotational ankle fracture. Patients were individually matched to controls by age, gender, fracture type, and surgical vs nonsurgical treatment. Outcomes were major complications during the first six months of treatment. We contrasted secondarily 21 diabetic patients with and 21 without diabetic comorbidities. Diabetic patients and controls did not differ significantly in total complication rates. More diabetic patients required long-term bracing. Diabetic patients without comorbidities had complication rates equal to their controls. Diabetic patients with comorbidities had complications at a higher rate (ten patients; 47%) than matched controls (three patients; 14%, p = 0.034). A history of Charcot neuroarthropathy led to the highest rates of complication. An increased risk of complications in diabetic patients with closed rotational fractures of the ankle are specific to a subpopulation with identifiable related comorbidities.
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Fractures of the ankle are among the most common injuries treated by orthopaedic surgeons. In patients with diabetes mellitus, they are fraught with high complication rates for both operative and non-operative treatment. [1] [2] [3] [4] [5] [6] [7] [8] [9] This opinion is, however, based on series from small-sized study groups that lack rigorously matched control populations.
Diabetes mellitus is a common condition which varies widely in its extent and overall severity. We hypothesised that patients with diabetes mellitus are at a higher risk for complications following operative or non-operative treatment of fractures of the ankle, but that this risk is specific to patients with comorbidities of diabetes.
Patients and Methods
Approval from the investigational review board for our institution was obtained. Patients were identified by searching the International Classification of Diseases (ICD) coding records of the hospital for diagnoses of fracture of the ankle and diabetes. These diagnoses were confirmed by a review of the medical records. Patients with open, Maissoneuve, or fractures of the tibial plafond or talus were excluded, as were those with any other concurrent ipsilateral fractures, ipsilateral ankle Charcot neuroarthropathy on presentation, presentation more than two days after injury, operative treatment elsewhere, age younger than 18 years, or incomplete records. Followup of at least six months was also required for inclusion. Patients with a history of Charcot neuroarthropathy involving the ipsilateral foot or the contralateral foot or ankle were not excluded; only ipsilateral changes of ankle Charcot neuroarthropathy prompted exclusion. Those patients lost to follow-up within six months, but after clinic notes indicated fracture healing, were contacted by post or telephone and asked about the subsequent history of their ankle, as well as specific questions about the outcomes listed below.
From the medical records, baseline characteristics including age, gender, date of injury, type of fracture, type of treatment (closed reduction and casting vs open reduction and internal fixation), type of diabetes, insulin dependence, duration of diabetes, and presence of retinopathy, nephropathy, neuropathy, vascular disease (peripheral or coronary), history of major amputation, and history of Charcot neuroarthropathy were recorded. After correlation of clinical, operative, and radiographic reports, fractures were classified as medial malleolar, lateral malleolar, bimalleolar, or trimalleolar. Comorbidities were considered present if reported in the patient's history or THE JOURNAL OF BONE AND JOINT SURGERY records from other services available at the time of the injury. Specifically, whether sensory deficits were noticed on follow-up examinations was not noted for the purposes of this study; only patient-reported, previous medical record documentation, or emergency room presentation documentation of neuropathy was noted. Amputations of single toes were recorded, although were not considered to be a history of major amputation.
All follow-up examinations of the involved ankle were also scrutinised for the development of the following complications: recurrent ulceration, infection treated with antibiotics, repeat surgery (other than removal of internal fixation), malunion, nonunion, need for continued bracing at six months, Charcot neuroarthropathy of the ankle, below-knee amputation, and death. Infection, below-knee amputation, continued bracing at six months, and development of nonunion, malunion, or Charcot, were considered primary outcomes.
Control patients were identified from the ICD code list for the diagnosis of ankle fracture. These were then individually matched to the patients with diabetes according to age, gender, fracture type, treatment, and date of treatment. Only exact matches for gender, fracture type, and treatment (surgical or non-surgical) were used. The closest available match was used for age and date of treatment, but up to ten years deviation in each of these was accepted. Any patient in the diabetes group for whom a control patient could not be found was excluded. The requirement for follow-up of at least six months was also applied to control patients, along with the provision for contacting those whose followup appeared to be curtailed after apparent fracture healing.
From the hospital records, 2825 patients were treated for a diagnosis of an ankle fracture between January 1979 and March 1999. We identified 102 as having diabetes. Of these, 56 patients were excluded for the following reasons: ten had open fractures, ten had distal tibial shaft or plafond fractures, four had proximal fibular fractures, five had talar fractures, five had significant additional ipsilateral injuries, four had Charcot neuroarthropathy of the ankle at presentation, one was under 18 years old, four had no record of either ankle fracture or diabetes in the notes, two were treated prior to presentation and 11 had inadequate records or lack of even short-term follow-up. The remaining 46 patients were then individually matched to controls. Four of these were not included due to lack of an adequately matched control patient. The clinical details of the groups are presented in Table I . Statistical methods. Primary analysis to cohort study design with individual matching, used the logit model adjusted for matching to assess the association of the diagnosis of diabetes with outcomes of infection, amputation, continued need for bracing at six months, and the development of malunion, nonunion, or Charcot neuroarthropathy. This analysis was done using the SAS/STAT (SAS Institute Inc, Cary, North Carolina) procedure GENMOD which uses the generalised estimating equations methods, generating p values from the logistic regression analysis as well as the odds ratio (OR) and 95% confidence intervals (CI) of a diabetic having a given outcome relative to a control.
Secondary analyses included similar logistic regressions, to compare development of complications in diabetic patients with comorbidities, with their respective control group and those without comorbidities with their control group.
Additional analyses were based on a case-control design within the diabetic patients comparing the presence or absence of pre-existing clinical characteristics and comorbidities given the development of complications including the four primary outcomes. These were tested with Fisher's exact test for categorical variables and by Student's t -test or Wilcoxon rank-sums for continuous variables. Values for p < 0.05 were regarded as significant.
Results
Overall, 13 of 42 (31%) patients with and 7 of 42 (17%) patients without diabetes developed one of the four primary outcome complications of ankle fracture. This difference was not statistically significant (p = 0.133) (Table II) . Among the primary outcomes measured, the only significant difference between the two groups was the risk for continued bracing at six months. Eleven diabetic patients vs three non-diabetic patients required long-term bracing (p = 0.025). Three non-diabetic patients were braced long-term for peroneal tendonitis for eight months, painful delayed union for 15 months, and malunion permanently. Eight of the diabetic patients were braced long-term secondary to Charcot neuroarthropathy of the ankle. Each of these patients still used some form of bracing at latest follow-up, ranging from 15 months to eight years after presentation with an acute ankle fracture. The three remaining diabetic patients were braced long-term for chronic ankle pain and subjective instability for between eight and 15 months. Diabetic patients had no statistically significant increased risk of infection (p = 0.089).
Of the 21 patients with diabetes who had no known comorbidities at the time of their ankle fracture, no significant differences could be found between these patients and their matched controls (Table III) .
Of the diabetic patients, 21 had one or more major comorbidity of diabetes mellitus, including nephropathy, retinopathy, neuropathy, vascular disease, history of major amputation, and history of Charcot neuroarthropathy.
Comparison of these patients with their matched non-diabetic controls found significant differences in risks of developing any of the four primary outcomes (p = 0.034) and risk of needing long-term bracing (p = 0.034). Trends toward significant risks were found in the development of infection (the p value could not be calculated because there were no infections in the controls) and the development of malunion, nonunion, or Charcot neuroarthropathy (p = 0.053) (Table IV) .
Risk factors
Any primary outcome complication. The development of any of the primary complications was associated significantly with longer duration of diabetes (p = 0.007), presence of neuropathy (p = 0.014), history of Charcot neuroarthropathy (p = 0.025), and insulin dependence (p = 0.019) ( Table V) . (Tables V to  VIII) .
Discussion
Since Kristiansen's 5, 6 two series of ankle fractures in diabetic patients, no one has disputed the assertion that diabetes mellitus places patients at increased risk for complications following ankle fractures. His focus on postoperative wound infections, Charcot neuroarthropathy, and delayed healing in this population has been maintained in subsequent reports by other authors. [1] [2] [3] [4] [7] [8] [9] Debate has surrounded whether the risks of surgical or closed treatment are more to be avoided because so much of the literature is in the form of case series which highlight the extremes of potentially poor outcomes.
Three sizeable comparative studies have been reported to date. 1, 3, 8 The largest and earliest described 26 diabetic and 26 non-diabetic patients, matched as a group for age, but not for fracture type, treatment modality, or gender. 8 McCormack and Leith 8 reported over 30% incidence of post-operative complications in the 19 patients treated operatively, compared with no reported complications in the control group. In addition, the majority of their nonoperatively treated diabetic patients developed malunion. Complications were pooled to reach statistical significance. Another study of 21 operatively treated diabetic patients with ankle fractures was compared with 46 control patients matched as a group for age, gender, and partially for fracture severity. 1 Complications occurred in over 40% of the diabetic patients and 15% of the control patients, but the complications were more severe in the diabetic patients. 1 Again, complications were pooled for significance. The third study of 25 diabetic patients and 73 controls who were treated either operatively or non-operatively for an ankle fracture was evaluated only for risk of infection. 3 Infection complicated treatment for 32% of patients with diabetes and 8% of controls. 3 These authors also reported that underlying peripheral vascular disease or neuropathy statistically increased the likelihood of infection.
Our study attempted to elucidate the factors related to the increased risk of complications from rotational ankle fracture in diabetic patients. As a whole, in this tightly matched study, diabetic patients' clinical outcomes were only significantly worse with respect to the need for prolonged bracing at six months. No other differences between diabetics and their matched controls with respect to infection, need for amputation, or malunion/nonunion were statistically significant. Patients with diabetes, but without known comorbidities related to their diabetes at the time of fracture, did not have an increased rate of complications compared with non-diabetics during treatment for ankle fracture. Conversely, patients with at least one diabetic comorbidity developed major complications more frequently than their controls, with significantly increased risk of long-term needs for bracing. In addition, 4 (19%) of these patients developed an infection and 33% developed malunion, nonunion, or Charcot neuroarthropathy.
In particular, the comorbidity of a history of Charcot neuroarthropathy was independently associated with every complication measured. By design, these patients included only those with a history of Charcot in the contralateral foot or ankle, or in the ipsilateral foot. Patients who presented with Charcot changes already evident in the involved ankle, or those who presented more than two days after injury, had been excluded from the study. Nonetheless, a history of Charcot neuroarthropathy of any joint appears to predispose an ankle fracture to a complicated course of treatment. Neuroarthropathy, longer duration of diabetes, and the use of insulin, all worsened the prognosis.
Surgical treatment did not increase the risk of infection (Table VI) , and non-surgical treatment did not increase the risk of malunion, nonunion, or Charcot neuroarthropathy (Table VII) . While this study did not attempt to compare treatment regimens, these data do call into question the typical associations of infection with surgical management and, conversely, problems of fracture healing with nonoperative management. These complications were associated with a higher burden of diabetic disease rather than treatment modalities.
Charcot neuroarthropathy as a complication of treatment of fracture of the ankle has been the focus of many of the previous series of ankle fractures in the diabetic population. Every attempt was made in this study to distinguish and exclude those patients who presented with subacute or chronic ankle collapse, from Charcot neuroarthropathy on presentation. Nevertheless, among the patients included with acute ankle fractures at presentation, eight developed neuroarthropathy during treatment. Notably, three of these presented with a history of previous neuroarthropathy in other joints of the foot. Three of the others presented with Our study included relatively large numbers and individually, rigorously matched controls, permitting valid analysis of subgroups of the study population. A defined followup period of six months after treatment in both groups added strength to the analysis, especially when the usual bias would be to follow diabetic patients longer and therefore identify complications more completely in the diabetic group compared with the controls.
The limitation of our study is primarily its retrospective design. The definition of diabetic comorbidities such as neuropathy and Charcot neuroarthropathy depended entirely on information from the patient at the time of presentation with a fracture and that available in their medical records. Some comorbidities may have been missed and others may have been misapplied. This strengthens the extrinsic validity because both the patient and extant medical records are usually the only source of information available in the emergency setting when patients present with ankle fractures. Outcomes measured retrospectively are subject to the bias of their surrogates. It is certainly possible, for example, that some patients receiving antibiotics did not truly have infections, but were treated due to a high index of suspicion which may not have been equal for patients in the two groups. Similarly, the primary outcome of long-term bracing is highly subject to the bias of the practitioners ordering the bracing. Finally, the population mix of diabetic patients included in this study may not represent the diabetic patient population as a whole. Our tertiary centre cares for a somewhat epidemiologically skewed population of patients. Although these effects of selection bias are mitigated by the rigorous matching, it is likely that we had a higher ratio of diabetic patients with comorbidities than would be seen in a community-based hospital.
The underlying diagnosis of diabetes mellitus may worsen the prognosis for a patient with a closed rotational ankle fracture, but it probably only does so if the patient has known related major comorbidities. This information should be readily identified during the gathering of the history and physical examination on presentation. In particular, a history of previous Charcot neuroarthropathy of the foot or ankle increases the possibility of developing complications of fracture treatment. We found no increased likelihood of complications from operative vs non-operative treatment. Diabetic patients without diabetes-related major comorbidities are not at increased risk of complications of treatment, but diabetic patients with diabetes-related major comorbidities are.
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